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APRESENTACAO

Esta tesejntitulada Genotoxicidade dos antineoplasicos cisplatina (cis-
diaminodicloroplatina, cis-DDP) e citosina-arabino&leo (Ara-C), e do 6leo essencial
de Eucalyptus globulus através do ciclo parassexual enmAspergillus nidulans, é
composta por dois artigos cientificos:

1. Genotoxicity (mitotic recombination) of the cancerchemotherapeutic agents
cisplatin and cytosine arabinoside inAspergillus nidulans. Publicado na Food and
Chemical Toxicology, Estados Unidos, v. 45, p. 22995, 2007. Fator de Impacto

2.186 (JCR 2007).

2. Genotoxic activity of Eucalyptus globulus Essential Oil in Aspergillus nidulans
Diploid Cells, a ser enviado ao periédico Journal of Food $ejdastados Unidos,

Fator de Impacto 1.255 (JCR 2007).



Genotoxicidade dos antineoplasicos cisplatina (ctaminodicloroplatina, cis-DDP) e
citosina-arabinosideo (Ara-C), e do 6leo essencidd Eucalyptus globulus através do ciclo
parassexual emAspergillusnidulans.

Claudia Tiemi Miyamoto Rosada
Marialba Avezum Alves de Castro-Prado (Orientadora)

Resumo

Apenas uma pequena porcentagem de drogas sintétegsecies vegetais utilizadas
na medicina tradicional e na medicina popular, eespamente, foram adequadamente
estudadas quanto a suas atividades farmacologigasatoxicas. Tais substancias, através de
seus provaveis efeitos mutagénicos, oncogénicdasratogénicos, podem produzir lesées ou
rearranjos no DNA, possibilitando modificagdes nateudo informacional.

A carcinogénese é um processo extremamente comglexcesulta na transformacéao
de uma célula normal em uma célula maligna, atraeésultiplas alteracées genéticas ou
epigenéticas. Neste processo, genes que controtéwis@o e/ou a morte celular séo alterados.
Em células heterozigotas, alteracdes nos procetsascombinacdo homoéloga e reparo do
DNA podem induzir a carcinogénese, através da pela@acondicdo de heterozigose
cromossoOmica.

Os antineoplasicos citosina-arabinosideo (Ara-Qisediaminodicloroplatina (cis-
DDP) séo drogas utilizadas no tratamento de camfenecanismo bioquimico responséavel
pela acéo citotdxica de Ara-C é mediado pelo seiabmdéto ativo Ara-CTP. Esse metabdlito
compete com a desoxicitidina trifosfato (dCTP) petarporacdo ao DNA, levando a pausa ou
ao término da sintese de DNA, e gerando quebrasotécula e morte celular. A cis-DDP, por
outro lado, reage com o DNA formando adutos bifonais, pois cada atomo de platina pode
ligar-se a duas posicdes no DNA, gerando lesdes- inti inter-cadeia, as quais apos serem
processadas, originam no DNA, quebras em ambas adgias. Alternativamente, o
monoterpeno eucaliptol, caracterizado como priiciganstituinte do 6leo essencial de
Eucalyptus globulysatua no DNA de células eucaridticas induzindogrfrantacdo na
molécula e inibindo sua sintese. O Oleo e globulus com propriedades odorifera e
antimicrobiana, € amplamente utilizado nas indastrfarmacéutica, de alimentos e de
cosméticos. O fungo filamentogepergillus nidulang um excelente organismo para conduzir
estudos de recombinagénese, pois passa a maierdeaseu ciclo celular em G2. Nesta fase,
0S cromossomos apresentam-se duplicados, o queetavgignificativamente o evento de
recombinacdo mitética. ©rossing-ovemitético, considerado um processo de ampla atuacao

em células dipléides eucariotas, ocorre durantegeegacdo das cromatides irmas na mitose.
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Em células heterozigotas, omossing-ovemitético, através da segregacdo de uma cromatide
paternal e uma recombinante para 0 mesmo péloicutétonduz a homozigose todos os
genes localizados em posicao distal ao ponto dewytar Tal homozigoze pode ter efeito
carcinogénico pela reducdo da heterozigozidadetitwsienal de genes supressores de
tumores. Desta forma, substancias que induzem asiebo DNA, ou que inibem sua
replicacdo, podem apresentar atividade carcinogépiar estimularem a ocorréncia do

crossing-ovemitotico.

Considerando-se que os antineoplasicos Ara-C BRBR-e o 6leo essencial @ globulus
promovem alteragBes no ciclo celular, o preserigatho avaliou o efeito genotoxico destes
compostos, em células dipldides heterozigotag.deidulans Concentracdes ndo-citotoxicas
de Ara C (0,2uM, 0,4 uM e 0,8uM) e cis-DDP (1,5uM, 3,0 uM e 6,0uM) foram utilizadas
para a avaliagdo do potencial recombinagénico sledtagas anticancerigenas, através da
determinacdo dos indices de Homozigotizacdo (Hi} phiferentes marcadores nutricionais.
Este indice avalia a inducdo de homozigose em geigEmente presentes em heterozigose,
através darossing-ovemitético, sendo definido como a razdo entre o morde segregantes
prototréficos e o numero de segregantes auxotfiCodiploide UT448//A757, heterozigoto
para varios marcadores nutricionais, foi cultivedo Meio Minimo + Ara C e Meio Minimo +
cis-DDP. O tratamento em Meio Minimo permite apeaaglecdo de diploides prototroficos
heterozigotos (+/- ou -/+) ou homozigotos (+/+)stwique dipldides auxotréficos (-/-) néo
crescem neste meio de cultura. Desta forma, seropastos em andlise induzirencr@ssing-
over mitético, os valores de HI serdo iguais ou supesia 2,0 (4+: 2-). Por outro lado, na
auséncia derossing-over os valores do HI serdo iguais ou inferiores a(44 4-). Para o
diploide A757//UT448 foram determinados os valatedH| para os gengmba, bi, met, piro e
ribo (acido p-aminobenzéico, biotina, metionina, piridoxina boflavina respectivamente).
Células dipléides dA. nidulangtratadas com 0,d4M e 0,8uM de Ara-C mostraram valores de
HI significativamente superiores aos valores do trot&, para todos os marcadores
nutricionais. Para os dipldides tratados com cig?DD@s valores de HI obtidos foram
significativamente superiores aos do controle pasatrés concentracfes testadas. Estes
resultados demonstram o potencial recombinagénioaihbos agentes antineoplasicos.
Considerando-se que células heterozigotas paras gauressores de tumam/¢) podem
originar clones de células homozigotas para o algdo-funcional fYm), através da

recombinacdo mitética ou somatica, os antineopmasiéra C e cis-DDP podem ser
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caracterizados como promotores no processo cagmimyg sendo potencialmente capazes de

induzir malignidades secundarias em pacientes @nret, apos o tratamento quimioterapico.

O potencial recombinagénico do 6leoEleglobulusfoi também avaliado no presente
estudo, utilizando-se o ensaio de segregacdo star&th linhagem dipldide A757//UT448 de
A. nidulans, heterozigota para dois marcadores de coloracdoodalios: wA2 (conidios
brancos) eyA2 (conidios amarelos). Esta linhagem quando culavain MC origina
segregantes mitoticos (ou setores) hapléides éidgd, brancos e amarelos, 0s quais podem
ser identificados por inspecao visual nas colod@aglipléide, cujos conidios sdo verdes. Os
setores coloridos foram isolados, purificados eutexdos em MC suplementado com benomyl
(0,5 pL/mL), para a avaliacdo da ploidia dos segreganies.segregantes que formaram
colonias estaveis mitoticamente em presenca de nbgnagente haploidizante) foram
classificados como hapldides. Por outro lado, agegmntes que originaram novos setores
mitéticos em presenca do agente haploidizante foraassificados como dipléides
recombinantes. Segregantes aneuploides foram tardshtificados nestas andlises, através
das seguintes caracteristicas fenotipicas: prodilg&@sporos e crescimento micelial reduzidos,
e acentuada instabilidade mitotic®s segregantes coloridos (amarelos e brancos) foram
isolados dentre 100 colbnias do diploide A757//Ug,4dpos tratamento com 0,06@b/mL,
0,125puL/mL and 0,25uL/mL do 6leo deE. globulus Os valores de MSI (razdo entre 0 numero
de recombinantes em 100 colbnias tratadas e o otmeerecombinantes em 100 col6nias néo-
tratadas) foram posteriormente determinados ezaditis como critério para avaliar a
genotoxicidade do 6leo.

Entre os segregantes haploides, os valores deobtisllos ndo foram estatisticamente
significativos em relacdo ao controle, nas tréscentracdes analisadas. Por outro lado, o
tratamento da linhagem A757//UT448 com duas dasdo&icentracbes de Oleo selecionadas
(0,125 puL/mL e 0,25 pL/mL) resultou em um aumento significativo no numede
recombinantes dipléides, quando comparado com tratenEsses dados demonstram que 0
Oleo essencial deé. globuluspode atuar como um indutor de recombinacdo mit@ioaginar
clones de células homozigotas para genes deletarfestir de células dipldides heterozigotas.
Os resultados também apontam para a necessidade d®aliar a genotoxicidade deste
composto em células de mamiferos, uma vez queccedheandlise € amplamente utilizado nas

indUstrias de alimentos e farmacéutica.
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Genotoxicity of anticancer cisplatin (cis- diammindichloroplatinum, cis-DDP) and
cytosine-arabinoside (Ara-C), and the essential oibf Eucalyptus globulus through

parassexual cycle irAspergillus nidulans.

Claudia Tiemi Miyamoto Rosada
Marialba Avezum Alves de Castro-Prado (Adviser)

Abstract

Only a small percentage of synthetic drugs and taégpecies used respectively in
traditional medicine and in folk medicine has besufficiently investigated for their
pharmacological and genotoxic effects. These comg®umay produce lesions or DNA
rearrangements, including changes in informatiomets, through their probable mutagenic,
oncogenic or teratogenic effects.

Carcinogenesis is a highly complex process andesatie transformation of a normal
cell into a malignant one through multiple geneticepigenetic changes. Genes that control
division and/or the cell’'s death in such a pro@sschanged. In heterozygous cells changes in
the homologous recombination processes and DNAreepey cause carcinogenesis by means
of losses in the chromosome heterozygous condition.

Anticancer cytosine arabinoside (Ara-C) and cisvaranedichloroplatinum (cis-DDP)
are drugs used in cancer treatment. The biochemmeahanism for cytotoxic activities in Ara-
C is mediated by its active metabolite Ara-CTP. Tager competes with deoxycytidine
triphosphate (dCTP) for DNA incorporation, lead&aods a pause or a stop in DNA synthesis,
producing breaks in the molecule and causing csditid On the other hand, since cis-DDP
reacts to DNA and forms bi-functional adducts, eatdtinum atom may link itself to two
positions in the DNA. Intra- and inter-chain lesoare produced which, after processing,
cause breaks in both chains in the DNA. Alterndyivihe monoterpene eucalyptol, the main
compound of theeucalyptus globulus essential oil acts on the eukaryotic cells’ DMMAd
leads towards the fragmentation of the moleculesymihesis inhibitionE. globulusoil, with
odiferous and antimicrobial features, is widely duse the pharmacy, food and cosmetics
industries.

Due to the fact that the greatest part of the cgtlle of the filamentous fungus
Aspergillus nidulanss passed in G2, it is a highly important organiemrecombinogenesis
studies. Chromosomes are duplicated at this phask significantly provide mitotic

recombination to the event. Since mitotic crossimgr may occur in eukaryotic diploid cells,
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it occurs during the segregation of sister chrodsain mitosis. Mitotic crossing-over in
heterozygous cells may conduce to the homozygonditian all the genes located at the distal
position of the exchange site. This occurs thraighsegregation of a paternal chromatid and a
recombinant for the same mitotic pole. Homozygosify have a carcinogenic effect owing to
a decrease in the constitutional heterozygosityuofors suppressor genes. Compounds that
cause breaks in DNA or which inhibit its replicatimay manifest carcinogenic activity due to
the stimulation of mitotic crossing-over.

Since anticancer drugs Ara-C and cis-DDP, andBEheglobulusessential oil cause
changes in the cell cycle, current research evedudie genotoxic effect of these compounds in
heterozygous diploid cells @f. nidulans

Non-cytotoxic concentrations of Ara-C (Qu1, 0.4 uM and 0.8uM) and cis-DDP (1.5
uM, 3.0 uM and 6.0uM) evaluated the recombinogenic potential of thevabmentioned
anticancerigenous drugs by determining the Homamaion Index (HI) for different
nutritional markers. HI evaluates homozygous inductin genes initially present in
heterozygous condition through mitotic crossingroemay de defined as the ratio between
the number of prototrophic segregants and the nundfeauxotrophic ones. Diploid
UT448//A757, which is heterozygous for several miotmal markers, was cultivated in
Minimum Medium + Ara-C and Minimum Medium + cis-DDHreatment in Minimum
Medium merely selects heterozygous (+/- or -/+homozygous (+/+) prototrophic diploids
since auxotrophic diploids (-/-) do not grow in thkove culture medium. If the compounds
under analysis induce mitotic crossing-over, Hesawill be either equal to or higher than 2.0
(4+:2-). On the other hand, HI rates in the absearicaossing-over will be equal to or lower
than 1.0 (4+:4-). In the case of diploid A757//UB44#I rates were determined for gempeda
bi, meth pyro andribo (respectively p-amino-benzoic acid; biotin; mettine; pyridoxine; and
riboflavin).

Diploid cells ofA. nidulanstreated with 0.41M and 0.8uM of Ara-C showed HI rates
significantly higher than those of controls for alltritional markers. HI rates for diploids
treated with cis-DDP were significantly higher thahose of control for the three
concentrations under analysis. Results show thembmogenic potential of both anti-
neoplastic agents. Since heterozygous cells folotusappressor genesv(t) may produce
clones of homozygous cells for non-functional alldin/m) through mitotic or somatic

recombination, anti-cancer Ara-C and cis-DDP maycharacterized as promoters of the
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carcinogenic process and potentially able to indsexndary diseases in cancer patients after
chemotherapy.

The recombinogenic potential d. globulus oil was also evaluated by somatic
segregation assay and diploid strain A757//UT44& ohidulans which is heterozygous for
two conidia color markersvA2 (white conidia) ang/A2 (yellow conidia). Haploid and diploid,
white and yellow, mitotic segregants are producdterwstrain is cultivated in Complete
Medium (CM). They may be visually identified in tbpd colonies with green conidia. Color
sectors were isolated, purified and inoculated hh €lipplemented with benomyl (Opf./mL)
to evaluate segregants’ ploidy. Segregants thatlymed mitotically stable colonies in benomyl
(a haploidizing agent) were classified as haplo@is.the other hand, segregants that produced
new mitotic sectors in the presence of the haptoidi agent were classified as recombinant
diploids. Aneuploid segregants were also identifiadcurrent analyses by means of the
following phenotypes: reduced mycelial growth anighhmitotic unstableness. Colored
segregants (yellow and white) were isolated in t6nies of diploid A757//UT448 after
treatment with 0.062%L/mL; 0.125uL/mL and 0.25uL/mL of E. globulusoil. MSI values
(ratio between the number of recombinants in 1@&téd colonies and the number of
recombinants in 100 non-treated colonies) were ldétermined and used as an evaluation
criterion of oil genotoxicity.

MSI values among haploid segregants were statflistioc@n-significant in the three
concentrations analyzed when compared to thosemfa. On the other hand, treatment of
strain A757//UT448 with two out of three selectedooncentrations (0.12AL/mL and 0.25
puL/mL) caused a significant increase in the numideecombinant diploids when compared to
those of control. Data show thBt globulusessential oil may induce mitotic recombination
and give rise to homozygous cell clones for deletsrgenes from heterozygous diploid cells.
Results also suggest that the genotoxicity of tepound in mammals’ cells should be

evaluated since oil is widely used in food and pfegeutical industries.



15

Genotoxicity (mitotic recombination)
of the cancer chemotherapeutic
agents cisplatin  and cytosine

arabinoside in Aspergillus nidulans.
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ABSTRACT

Cisplatin (cis-diamminedichloroplatinum, cis-DDPjdacytosine arabinoside (Ara-C) are
anticancer drugs used in the treatment of humanecahe two chemotherapeutic drugs were
tested in current research for their recombinoggrotential in diploid cells ofAspergillus
nidulans Non-cytotoxic concentrations of Ara-C (0.4 anél @M) and cis-DDP (1.5, 3.0 and 6.0
UM) were strong recombinagens H. nidulans UT448//A757 diploid strain, which induced
homozygosis of recessive genetic markers, prewopdsent in heterozygous condition. Drugs
significantly increased Homozygosity Index (HI) wa$ for five nutritional genetic markers when
compared with those determined in the absencetmaacer drugs. Since mitotic recombination is
a mechanism leading to malignant growth througbk lifsheterozygosity at tumor-suppressor loci,
Ara-C and cis-DDP may be characterized as seconpargnoters of malignant neoplasia in

diagnosed cancer patients, after chemotherapyrieswt

1. INTRODUCTION

The development of human neoplasia requires maltiphetic alterations followed by clonal
expansion. Some alterations, such as the lossyadrtgsuppressor gene function, are recessive and
will not be expressed if present as single copmebaterozygous diploid cells. Further, somatic
alterations that inactivate the remaining normaélal may occur with a subsequent loss of
heterozygosity (LOH). LOH process leads to tumaregs due to the cellular absence of a

functional tumor-suppressor gene (Imreh et al. 320Wschfield, 1997).

Mechanism leading to LOH may include chromosomalndigunction, mitotic
recombination, gene conversion or even an epigemegictivation of the functional allele in a
heterozygous cell (Young et al., 2006; Weinberg)1)9 The somatic recombination process in
retinoblastomaRb) locus may contribute to as many as 75% of LOehev (Lasko et al., 1991).

Mitotic recombination in the G2 phase of the cejcle consists of genetic exchanges

between homologous DNA sequences. The procesgrjmossb chromosome segregation and cell
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division, may originate homozygosis of distal genies the point of exchange. Mitotic

recombination is an essential mechanism for faitbiNA replication in vertebrate cells, besides
being an important repair pathway of double-strneaks (Helleday, 2003; Galli and Schiestl,
1998). Recombinational repair of chromosomal dogbland breaks may results in LOH
(Moynahan and Jasin, 1997).

Mitotic recombination may be caused by DNA damagaggnts and specidlspergillus
nidulansdiploid strains have been used to test the recoogenic potential of chemical substances
(Chiuchetta and Castro-Prado, 2005; Becker et2804). A. nidulansis a filamentous fungus
which has a well-characterized genetic system amubw cells pass the great part of their cell cycle
in G2 phase (Bergen and Morris, 1983). This eulkaryarganism is, therefore, an excellent model

system for investigating fundamental cell processeh as mitotic recombination.

Cisplatin (cis-diamminedichloroplatinum, cis-DDPjdacytosine arabinoside (Ara-C) are
drugs with a therapeutic activity against humanceamnd Ara-C is a nucleoside analogue used in
the treatment of acute leukemia (Grant, 1998; Yaremal., 1995). The biochemical mechanism
responsible for the cytotoxic action of Ara-C isdiaded by its active metabolite triphosphate Ara-
CTP, generated by deoxycitidine kinase. Ara-CTP metes with deoxycytidine triphosphate
(dCTP) for DNA incorporation and terminates or pmishe DNA synthesis at the site of
incorporation, causing DNA strand breakage and cdhth (Kufe et al.,, 1980). Ara-C
neurotoxicity has been recently explained to besalt from reactive oxygen radicals generation
that cause oxidative DNA strand breaks and ingidlte p-53-dependent apoptotic process (Geller

et al., 2001).

Cisplatin (cis-DDP), a broad activity antineoplastgent, especially useful in testicular and
ovarian cancer treatment, reacts with DNA, formbagh intrastrand and interstrand cross-links.

Processed DNA adducts formed by cis-DDP vyield dewand breaks as an intermediate lesion,
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while excision and recombinational repair pathwase probably required to remove these lesions

(Jones et al., 2006; Frankenberg-Schwager ett5;24.0 et al., 2003; Larminat and Bohr, 1994).

Since DNA double-strand breaks initiate crossingrowm eukaryotic organisms (Galli and
Schiestl, 1998), curreim vivo study examines anticancer agents Ara-C and cis:®p#tential in
inducing somatic recombination in a diploid straih A. nidulans Loss of heterozygosity of
nutritional markers is evaluated by Homozygositgdres which detect the homozygotization of

recessive genes previously present in heterozygmnditions.

2. MATERIALS AND METHODS

2.1 Fungal strains

A. nidulansstrains were derived from Utrecht stock (UT448) &nom Fungal Genetic

Stock Center (A757) (Table 1).

Table 1. Genotype and origin &. nidulansstrains

Strains Genotype Origin
A757 yA2(1), methA17Il), pyroA4(IV). FGSC*
uT448 riboAl (1), pabaA124), biAl(l), AcrALl(ll), wAZll), Utrecht, Holand

Requirements for: riboflavin #iboAl, p-aminobenzoic acid pabaA124, biotin =bioAl, methionine =
mettAl7, pyridoxine =pyroA4. Conidia color: white =wA2 yellow =yA2 AcrAl, resistance to
acriflavine.*FGSC = Fungal Genetic Stock Centerivarsity of Kansas Medical Center, Kansas, USA

2.2 Culture media
2.2.1 Minimal Medium (MM): consisted of deminerad water (900.0 mL), concentrated MM

solution (100.0 mL): NaN©(60.0 g), KHPO (15.2 g), MgS®. 7 O (5.2 g), KCI (5.2 g),
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FeSQ, 7 H,0 (0.02 g), ZnSQ 7 HO (0.01 g), CuSY. 5 HO (0.01 g), glucose (10.0 g), pH 6.0.

To prepare solid MM, 15.0 g of Difco bacto Agar veakled.

2.2.2 Complete Medium (CM): consisted of pepton@d@2 mg/L), yeast extract (2.000 mg/L),
hydroliysed casein (1.000 mg/L), glucose (10.000Lydpiotin (2 mg/L), pyridoxine (50 mg/L), p-
aminobenzoic acid (50 mg/L), folic acid (50 mg/bj¢otinic acid (100 mg/L), pantothenic acid
(200 mg/L), choline chloride (200 mg/L), riboflavi@O0 mg/L), inositol (400 mg/L) and thiamine

(50 mg/L) added to MM.

2.2.3 Selection Medium (SM): comprised MM plus flagin (0,1 pg/mL), p-aminobenzoic
acid(0,6857 pg/mL), biotin(0,02 pg/mL), methioni{@49,21 pg/mL) and pyridoxine(0,05

png/mL), while solid medium contained 1.5% agarulvettion for strain growth occurred at 37°C.

2.3 0btaining the heterokaryon and isolation of diplstdain.

Heterokaryon-obtaining technique consists of plgdwo genetically complementar conidia
strains (UT448 and A757) in 2.5 mL of MM supplenmezhtwith to 2% CM, incubated at 37°C
during four days. CM triggers a discrete developiadrthe conidia and facilitates the hyphae’s
anastomosis. The formation of a compact myceliatanaalled vegetative heterokaryon, occurs
after 72 h. It contains two different types of reidh a common cytoplasm. Mycelial mass was
then transferred in petri plates with MM and indgoibat 37°C during five days. At the end of this
period sectors, strongly growing and featuring greenidia, were reported in the heterokaryotic
colony (Fig. 1a). Green conidia sectors were temsfl to new plates with MM and incubated at
37°C for five days. MM growth corroborates the diglprototrophic characteristics of the green

conidia sectors (Roper, 1952).
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Fig. 1 (a) Origin of the UT448//A757 diploid strajarrow) from the heterokaryon
formed between the haploid UT448 (with white coajdand A757 (with yellow
conidia) strains. (b) Growth of the UT448//A757 Idid strain in the presence of
0.8 uM (D4) of cytosine arabinoside. (c) Diploids D8 aft) D9 obtained after
treatment of UT448//A757 diploid strain with 301 (D8) and 6.0uM (D9) of
cis-DDP. Arrows indicate the origin of diploid.

2.4. Ara-Candcis-DDPtreatment.

Filter-sterilized aqueous solutions of Ara-CgldzNzOs, FW 243.3, Sigma-Aldrich Co.,
Catalog # C1768, 100% pure) and cis-DDP (P#MEl,, FW 300.1, Sigma-Aldrich Co., Catalog #
P4394, 100% pure) were added to molten minimal umedNon-cytotoxic concentrations of Ara C
(0.2uM, 0.4 uM and 0.8uM) and cis-DDP (1.uM, 3.0 uM and 6.0uM) were used in the present
study for the recombinogenesis tests. In the cadexicity measurements, colonies’ diameters
were determined during six days after incubatioateR in the presence and in the absence

(control) of drugs were compared by Student'stt @gs 0.05) (results not shown).



22

2.5 Haploidization of the diploid strains obtainedeaftreatment withAra-C and cis-DDP.
Colonies of diploidA. nidulansstrain were grown onto petri plates containing Nddntrol),
MM + Ara-C (0.2 to 0.8uM) and MM+ cis-DDP (1.5 to 6.QxM). Plates were incubated for six
days at 37 C and then visually inspected for diploid coloh(te, yellow or green) sectors arising
against a background of green conidia of the oaigaiploid strain, which would indicate the

occurrence of mitotic recombination. Diploid UT448/57, grown in MM, spontaneouslyives
rise to a mitotic diploid sector with green conidlal, control). First treatment (MM + Ara-C)
produced three morphologically identifiable dipl@dctors, named D2 to D4. Second treatment
(MM + cis-DDP) originated five diploid sectors whiavere sequentially numbered D5 to D9.
Sectors were homozygous (+/+) or heterozygous ¢t/--/+) diploids but never recessive
homozygotes (-/-) because the latter cannot groMbh The new diploid sectors (D1 to D9) were
purified on MM, individually transferred to CM pkd and processed by spontaneous
haploidization. Haploidization, the loss of one nhbem of each chromosome pair through
successive mitotic divisions, results in the haplmndition of the nuclei. Each diploid sector (D1
to D9), after haploidization, originated haploidtatic segregants, which were purified in CM and
their mitotic stability evaluated in CM + benom.2 ug/mL). Benomylis a fungicide used as a
haploidizing agent of diploid strains &f nidulans The haploidization induced by benomyl is the
result of chromosomal loss and mitotic non-disjiorc{Hastie, 1970)Aneuploid cells (2n — 1; 2n
-2, etc), produced at this stage, are highly utstabd randomly lose chromosomes till the haploid
stage is finally reached.

Only mitotically stable segregants defined at thealfi stage were selected for the
recombinogenesis test (Chiuchetta and Castro-P2ax%). Conidia from each haploid sector were
individually transferred to 25 defined positions<Epattern) on CM plates and their nutritional
requirements were determinddM supplemented with all nutritional requiremenfstloe UT448

and UT196 strains, excepting one, in each mediya.ty
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2.6 Analysis of mitotic crossing-over by determinatodrthe homozygosity index

Mitotic crossing-over causes homozygotization ofehezygous-conditioned genes. If the
antineoplastic agents induce mitotic crossing-ower diploid strain UT448//A757, only
prototrophic heterozygotes (+/- or -/+) or homozggo(+/+) diploids will develop in MM and the
nutritional markers will segregate among the hajdan the proportion of 4+ to 2-. However, if the
drugs fail to induce crossing-over, the proportisii be 4+ to 4- because the initial selection
process limits the growth of auxotrophic diploids)( The ratio of prototrophic to auxotrophic
segregants is described by the Homozygosity In##x dr rather, an HI equal to or higher than
two indicates recombinogenic effects of anticandrergs. The recombinogenic potential of the
drugs was assessed by comparing the homozygotizatdices of the nutritional markers with

Yates Corrected Chi-square test, p < 0.05.

3. RESULTS

The treatment ofA. nidulansdiploid cells with Ara-C middle (0.44M) and high (0.8uM)
concentrations increased HI values ffitno, pabg bi, methandpyro markers when compared to
control HI values (Table 2). On the other handys®s of HI values, obtained by low dose Ara-C
(0.2 uM), were not significantly different from HI contso(results not shown).

Since Ara-C and cis-DDP treatments of UT448//A7&ais in MM impaired the growth of
auxotrophic diploids, most Ara-C- and cis-DDP-inddcdiploids were heterozygous for the
nutritional genetic markers. Treatments, howevigr ndt limit the growth of homozygous diploids
for recessive conidia color genes. Yellow/y) and white @//w) diploid sectors were in fact
distinguishable from the parental heterozygousrsifdT448//A757) growing in the presence of
the chemotherapeutic drugs. Diploids D4 (yellow® (White) and D9 (yellow)(Fig.1b-d) diploid

strains were obtained with O/ Ara-C, 3.0uM cis-DDP and 6.QuM cis-DDP respectively.
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Table 2 Homozygotization Index (HI) values for markersnfr UT448 // A757
diploid strain after treatment with 04M (D2 and D3) and 0.§M (D4) of

cytosine arabinoside.

Markers? D1 (Control) D2 D3 D4

NS  HI NS® HI NS®  HI NS®  HI
ribo+ 156 1.3 118 2.2* 60 1.8 37 08
Ribo 123 54 34 44
paba+ 151 1.2 114 2.0+ 62 1.9 37 08
Paba 128 58 32 44
bi+ 163 1.4 119 2.2 65 2.2* 77 19.3*
Bi 116 53 29 04
meth+ 154 1.1 157 10.5* 87  12.4* 80  80.0*%
Meth 135 15 07 01
pyro+ 138 1.0 75 2.0* o4 1.8 41 1.0
Pyro 141 37 30 40

ribo = riboflavin; paba= paminobenzoic acidbi = biotin; meth = methionineand pyro =
pyridoxine. "Diploid D1, not treated with the antineoplastic gsu°Number of mitotic
segregants.*Significantly different from controk(p.05). nd= not determined (see text).

Phenotypic analyses of D4 and D8 diploids showey tere recombinant fqggaba-yand
centromeranethintervals, respectively (Tables 2, 3).

Contrastingly, the D9 diploid strain was incapabfegrowing on MM and showed to be
phenotypically homozygous fgrandpabagenes. HI value fogpabagene could not be determined
due to the homozygous condition for this marksasib@+//paba) in the D9 genome. Even HI
value for themethgene could not be determined in D9 strain dudéecatsence of segregants with

recombinant phenotype (Tables 1 and 3).
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In paternal UT448 haploid strain, tive gene is closely linked to themeth+ gene and,
consequently, most of segregants have tlve meth+phenotype. Eighty-one mitotic segregants
with w phenotype were isolated from D4 diploid after hploidization in CM. Only one was
phenotypically characterized asmethand classified as haploid stable recombinant @afl 2).
On the other hand, HI value farethgene could not be determined for D8 (white) dighloecause

methsegregation was not expected from homozygouseti//w meth diploid strain (Table 3).

4.DISCUSSION

Current study demonstrates the genotoxicity of themotherapeutic agents An nidulans
diploid cells. Both Ara-C and cis-DDP anticanceugs, in non-toxic concentrations, may be
recognized as efficient agents in inducing somegmombination and homozygosis of genetic
markers in heterozygous diploid cells. There iswgng evidence indicating that homologous
recombination plays a role in different stagesattmogenesis (Bishop and Schiestl, 2002; Lasko
et al 1991).

The therapeutic efficacy of cis-DDP in human madigces is believed to result from the
inhibition of DNA replication and transcription. Bides being genotoxic, DNA lesions formed by
cis-DDP have been reported to induce homologousmbmation in human colon carcinoma cells,
proficient and deficient to DNA mismatch repair.

The cis-DDP human carcinogen also induces bassitiars (GG-AT) and transversion
(GC—TA and AT—TA) in human B-lymphoblasts, and chromosome abermatin V79 Chinese
hamster cells (Lin and Howell, 2006; Yarema et #095; Cariello et al., 1992; Turnbull et al.,
1979). The nucleoside analogue Ara-C has also Weported to induce recombination in
Drosophila melanogasteas well as in mammalian cells. The Ara-C cytotdyics a direct result
of interferences with semiconservative DNA syntheldading to DNA strand breaks and

chromosome fragmentation (Cunha et al., 2002; Adeau et al., 2000).



Table 3. Homozygosity Index (HI) values for markers frori448 // A757 diploid strain after treatment wittb UM
(D5 and D6), 3.(uM (D7 and D8) and 6.AM (D9) of cisplatin.

Markers® D1 (Controly D5 D6 D7 D8 D9
NS HI NS HI NS HI NS HI NS HI NS HI

ribo+ 156 1.3 43 0.9 38 0.7 123 2.0~ 61 24 71 1.0

ribo 123 50 52 61 25 69

paba+ 151 1.2 39 0.7 31 0.5 124 2.1* 60 2.3* 140 nd

paba 128 54 59 60 26 0

bi+ 163 1.4 33 0.6 31 0.5 123 21 56 1.9 131 14.6*

bi 116 60 59 61 30 09

meth+ 154 1.1 83 83 84 14.0+ 179 17.9* 86 nd 139 nd

meth 135 10 06 10 0 01

pyro+ 138 1.0 40 0.8 42 0.8 117 1.8 61 2.4* 65 0.9

pyro 141 53 48 67 25 75

2ribo = riboflavin; paba= paminobenzoic acidbi = biotin; meth = methionineand pyro = pyridoxine’Diploid D1, not treated with the
antineoplastic drug§Number of mitotic segregants. *Significantly diféet from control (p< 0.05). nd= not determined (so¢).

26
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It has been shown that inhibitors of DNA-synthesisch as doxorubicin and 5-azacytidine,
are potent inducers of homologous recombinatioohaioly due to the generation of double-strand
breaks (Becker and Castro-Prado, 2004; Cunha €08R, Arnaudeau et al., 2000). Thus, the
recombinogenic potentials of cisplatin and cytosarabinoside may be associated with the
recombinational repair of Ara-C and cis-DDP-indu@ddA strand breaks (Frankenberg-Schwager
et al., 2005; Nakayama et al., 2005).

Genetic alterations are necessary to change a hoethanto a malignant one. Chemical and
physical agents may act as initiators of genetieversible alterations leading to the origin of
heterozygous cells for oncogenic mutations. Whitenblogous recombination renders the cell
homozygous for a pre-existing mutation, heterozggoells for a mutant tumor-suppressor gene
may give rise to cell clones with altered phenofypa mitotic crossing-over (Young et al., 2006).
Since tumor-suppressor genes which confer negatdgrilatory controls on neoplasm cell
transformation may be completely suppressed inmbarant cells, studies have been carried out
to identify the recombinogenic potential of cherhisabstances (Chiuchetta and Castro-Prado,
2005, Kaneshima and Castro-Prado, 2005). Chemathetia agents such as Ara-C and cis-DDP
may promote carcinogenesis in pre-malignant celld &ad to the development of second
malignances through the induction of mitotic recambon. Actually, numerous reports have been
associated the effects of chemotherapeutic agemistlde pathogenesis of second malignant
neoplasms (Vancura et al., 2006; Aung et al., 20@2yada et al., 1999; Smith et al., 1994).

Second leukemia after multiagent chemotherapyudinb cisplatin, has been reported in a
62-year-old male patient with colon adenocarcinof@akel and Paydas 2002), in long-term
survivors of osteosarcoma (Aung et al., 2002) andbladder cancer patients (Theodore et al.,
2002). The development of secondary lung adenotarea after treatment with varying
combination chemotherapies, including the anticadceg cytosine arabinoside, was reported in

two patients with primary non-Hodgkin’s malignaptiphoma (Yamada et al., 1999).
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The increasing number of second malignancies degghoin cancer patients after
chemotherapeutic regimens indicates the need tonisuthese patients to ongoing physical
investigation for the early detection and treatmehtsecond malignancies. Moreover, efforts
should be addressed to a) the obtaining more ddtamhowledge of the genotoxic profile of the
anticancer drugs, especially on their effects oa thromosomes’ structural and numerical
alterations, and b) the new antineoplastic ageletglopment without the long-term carcinogenic

effects.
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ABSTRACT

Essential oils from manyEucalyptus species are widely used in food, cosmetics, and
pharmaceutical industriel1 current researckucalyptus globulugssential oil was evaluated
for its genotoxic potential using a somatic segtiegaassay and a diploid strain of the fungus
Aspergillus nidulans heterozygous for nutritional and conidia color rkeas. The main
compounds of current essential oil sample were |gpicd (49.05%),a-pinene (8.89%) -
pinene (1.5%), globulol (6.95%)y-eudesmol (1.12%), spathulenol (1.42%}cadinene
(1.45%), trang-elemenone (1.23%) and aromandendrene (2.33%linp#3.9% of oil. Oil at
0.125uL/mL and 0.25x«L/mL concentrations was found to increase the naitmistability of
the original A757//UT448 diploid strain, and themmoer of diploid mitotic recombinants. The
oil’'s genotoxicity was associated with the induotmf mitotic crossing-over or with oil-broken

chromosomes.

KEY WORDS: Essential oil, Food Additives, Intergenic Reconation, Mitotic Segregation

Index, Toxicity.
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INTRODUCTION

Essential oils, also known as volatile or etheo#lal, are aromatic oily liquids obtained
from flowers, bark, seeds, leaves, roots, or ofplant elements. Essential oils, typically
obtained by the method of steam distillation, haweide application in folk medicine, food
flavouring and preservation as well as in fragramckistries. Additionally, a large number of
essential oils and their constituents have beeesiinyated for their antibacterial and antifungal
activities againshuman pathogen anfibod-related microorganisms. Biological activity of
essential oils depends on their chemical compastiavhich are determined by the plant
genotypes and depend on various environmentalr&a¢®lva and others 2003; Juergens and
others 2003; Burt 2004; Sacchetti and others 2@0i5and others 2008; Fisher and Phillips
2008; Viuda-Martos and others 2008).

The genusEucalyptuscomprises numerous species whose essential oils begn
shown to exhibit analgesic, anti-inflammatory, ardipyretic properties for the treatment of
respiratory disorders such as cold, bronchitis, sinds congestion. The. globulusessential
oil, in particular, is extensively used as prestvesand flavor additive in foods and beverages
and as fragrance in cosmetics. The us&.ofjlobulusoil in the food industry is based on its
odorous and antimicrobial properties (Uemura anterstl997; Gomes-Carneiro and others
1998; Juergens and othe2803; Silva and other8003). Actually, this essential oil, with its
antimicrobial activity against human pathogens, hsuas Pseudomonas aerugingsa
Streptococcus pneumonijaand Escherichia coli may be added as a flavor in a number of
processed foodstuffs, such as baked goods, frozaew, @¢oft candy, meat products and non-
alcoholic beverages (De Vicenzi and others 2002adga and others 2002; Cermelli and
others 2008).

The major constituent oE. globulusis eucalyptol (1,8-cineole), a monoterpene that

induces DNA fragmentation and DNA synthesis inldoitin eukaryotic cells (Koitabashi and
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others 1997; Moteki and others 2002). Chemical aamgds that produce DNA-breaks or cause
inhibition of the DNA synthesis may show carcinoigesictivity due to the induction of mitotic
recombination (Kaneshima and Castro-Prado 200$aiMoto and others 2007).

Mitotic recombination, occurring during the G2 pbad a heterozygous cell, consists of
exchange events between homologous chromosomesfdhatving chromosome segregation
and cell division, may result in the homozygosidftal genes to the point of exchange. The
process is called loss of heterozygosity (LOH).hbeterozygous cells for a tumor suppressor
gene, mitotic recombination may induce the lostheffunctional tumor suppressor allele, which
constitutes an important step for neoplastic tramsétion (Moynahan and Jasin 1997; Bishop
and Schiestl 2002).

The p53 tumor-suppressor gene, previously chaiaeteras a suppressor of the
spontaneous homologous recombination, is frequentgtivated in human cancers by LOH
(Sturzbecher and others 1996; Honma 2005). Furibrernpredisposed people to spontaneously
increased levels of mitotic recombination, suchBdgom’s syndrome and Fanconi anemia
patients, are actually prone to cancer (Festa Hret©1979; Thyagarajan and Campbell 1997).

Since the carcinogenic potential of a chemical commgl may be detected through its
effect on mitotic recombination and since inforroatiavailable of the toxicity profile of the
Eucalyptus essential oils is limited (Nielsen 2006), currergsearch evaluated the
recombinogenic potential of the oil &. globulususing a somatic segregation assay and the
filamentous fungugspergillus nidulans

The life cycle ofA. nidulansmakes it a particularly useful organism for theniaring
of mitotic recombination. This is due to the fatatta substantial part of its cell-cycle is spent
in G2, a period in which chromosomes are in dufgicand significantly favor mitotic
recombination (Bergen and Morris 1983). Diploichsts ofA. nidulanshave in fact been used

to detect the recombinogenic potential of sevanahacal compounds, such as the antiparasitic
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drug benznidazole and the anticancer agent cisplétianeshima and Castro-Prado 2005;
Miyamoto and others 2007), which were also genatoximammalian cells (Santos and others

1994; Jirkova and othe2906).

2. MATERIALS AND METHODS

2.1 Strains and Media

Diploid strain A757//UT448 ofA. nidulans(Miyamoto and others 2007) was used to
estimate thdé=. globulusoil’s recombinogenic potential. Diploid strain is he#sgous for two
conidia color markersyA2 (yellow) andwA2 (white), which allow direct visual detection of
mitotic segregants as normally growing yellow oritelsectors on the diploid green colonies
(Figure 1). Standard Complete Medium (CM) employwds previously described by
Miyamoto and other2007).

2.2 Plant material and extraction of essential:oil

E. globulusleaves were collected in April 2000, in Curitiba BiRazil (Unidade de
Plantas Medicinais, Aromaticas e CondimentaregjuRaNewton F. Maia), and identified by
Dr. Cirino Correa Junior (Emater Curitiba PR BraZlfter harvesting, 100 g of plant material,
dried at temperatures ranging between 30 antiC4Qvere submitted to 6 h water-distillation,
using a Clevenger-type apparatus to produce dlGfbo (v/w) yield. Oil samples were stored
in amber flasks at 4C until tested and analyzed.

2.3GC-MS analysis:

Mass spectra were determined by Varian 3800 S&@te£IMS (SATURN 2000), 70
eV, capillary column CP-SIL 8 CB (30 m x 0.25 mr®.l.x 0.25um film thickness) with
helium as carrier gas, at a flow rate of 1.0 mL/nbémperature schedule was ®D), increasing

at the rate of 3C/min, to 90°C; after 5 min, temperature was increased at tieeafa3°C/min,

to 140°C; and, at the rate of 3W/min , to 240°C, for 5 min at the latter temperature;
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injection in the split mode (1:100) at an injectat,250°C; detector temperature at 200;

injection volume, 0.%L.

Figure 1. Growth of A757//UT448 diploid strain in the ahse (A) and in the presence
of 0.125 ul/mL (B) and 0.25uL/mL (C) of the E. globulusessential oil. Diploid
segregant derived from the A757//UT448 strain afteatment with 0.2%ulL/mL E.
globulus oil (D). Arrows indicate the origin of mitotic M@ and yellow segregants
(sectors). Bars: 2 mm (A, D), 5mm (B) and 6mm (C).

Individual components were identified by comparimgss spectrum and their GC
retention times (RT) and retention indices (RI)hnithose of authentic compounds previously
analyzed and stored in the data system or founthenliterature (Adams 1995). The NIST
(National Institute for Standard Technology — 65,28mpounds) was used for the comparison
of mass spectra. Retention indices were calculdedall volatile constituents using a

homologous series (@o C,g) recorded under similar operating conditions. Rib@& indices
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(RI) have been obtained according to van den Dodlkratz (1963) method and quantitative
data were obtained by electronic integration of BD-(VARIAN CP 3800) peak areas.

2.4 Evaluation of oil cytotoxicity

Conidia of diploid strain (A757//UT448) were inoatgd in the center of CM (control)
and CM +E. globulusoil (0.25uL/mL and 0.5uL/mL) plates. A total of five plates were
inoculated and incubated at 37 °C. Colony diametene measured with a ruler, once a day,
during seven days. Results were analyzed with Cae-¥nalysis of Variance and by
Bonferroni post test, fdP< 0.05.

2.5 Calculating Mitotic Segregation Index

Sterile aliquots ofE. globulusoil were added to molten CM to obtain the desired
concentrations for each test. Maximum concentradidb. globulusoil, which did not alter the
colonies morphology (0.25:.L/mL), and two lowest concentrations (0.0626/mL, 0.125
uL/mL) were used to evaluate genotoxicity. Conidiadiploid strain A757//UT448 were
inoculated at four equidistant positions of platastaining CM (control) and CM .
globulusoil and (test). Plates were incubated at’G7for six days. Afterward, colonies were
inspected for the presence of white and yellowasagrowing on the green diploid colonies,
which are indicators of the occurrence of mitotegregation (Figure la-c). Sectors were
isolated, purified and inoculated on CM + benom@I5(uL/mL) for ploidy evaluation
(Miyamoto and others 2007). Sectors with mitotigbdity when growing in the presence of
benomyl were classified as haploids, after phenotgharacterization. On the other hand,
diploid recombinants (Figure 1d) were identifiedl @asily distinguished from haploid ones by
their distinct growth and breakdown in the preseatdéenomyl, the haploidization agent.
Aneuploid segregants, exhibiting reduced growth mitdtic instability higher than the diploid
ones, were also identified. The number of colodl¢ye and white) recombinants per 100

colonies was measured and the induced Mitotic $agjen Index (MSI) calculated (the ratio
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of recombinants per 100 treated to 100 untreatéohis). Index was used as a criterion to

estimate the genotoxicity &. globulusoil (Ziogas and Kalamarakis 2001).

3. RESULTS and DISCUSSION

3.1 Chemical composition of the essential oll

Table 1 shows the results of GC/MS analysi€ofylobulusoil. Forty-five identified
components accounted for 90.8% of the oil. The tielail consisted mainly of eucalyptol
(49.05%), a-pinene (8.89%),B-pinene (1.5%), globulol (6.95%)q-eudesmol (1.12%),
spathulenol (1.42%)y-cadinene (1.45%), trarfselemenone (1.23%) and aromandendrene
(2.33%), reaching together 73.9% of the oil. Althbuchanges in the composition Bf
globulus essential oils have been previously described €Site and others 1997), the 1,8-
cineole content of current oil sample is withinuesd found in literature (Dagne and others
2000; Cimanga and others 2002).

3.2 Cytotoxic ofE. globulusessential oil

Solid cultures of the A757//UT448 diploid strairhtained in the presence of the oll
(0.25 uL/mL and 0.5uL/mL), reduced micelial growth, as the highest iahibitory effects
observed after 48h of incubation for the two testedcentrations (Figure 2). The highest oil
concentration (0.xL/mL) also affected the normal morphology and tpers production of
the original A757//UT448 diploid strain (resultstrelmown). In fact, the identification of color
sectors growing on the diploid colonies and tharestton of the recombinogenic activity of
the oil were difficult. Oil genotoxicity was thusauated by the lowest concentrations (0.0625

ul/mL, 0.1254L/mL and 0.25%L/mL).
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Compounds Formula WM RT (min) RI %
01 o-Thujene GoH1s 136 3.314 922.60 0.17
02 o-Pinene GoH1s 136 3.467 930.25 8.89
03 Camphene fHis 136 3.797 946.75 0.06
04  Sabinene feH1e 136 4.258 969.80 0.06
05 p-Pinene GoH1s 136 4.382 976.00 1.50
06  p-Myrcene GoH1e 136 4.602 987.00 0.36
07  a-Phellandrene H1e 136 5.049 1006.22 <0.01
08 o-Terpinene GoH1e 136 5.327 1015.47 0.01
09 Ocymene GH14 134 5.540 1022.56 0.85
10 Limonene GoH 16 136 5.670 1026.89 0.03
11  Eucalyptol (1,8-cineol) fgH1g0 154 5.772 1030.28 49.05
12 y-Terpinene GoH1e 136 6.506 1054.71 0.67
13  Terpinolene @Has 136 7.375 1083.63 0.09
14  p-Cymene GoH12 132 7.566 1089.98 0.13
15 Linalool GoH10 154 7.890 1100.57 0.10
16 Isopentyl 2-methyl butanoate 182002 172 8.104 1105.91 0.11
17  Endo-Fenchol gH10 154 8.568 1117.48 0.28
18  Trans-Pinocarveol 160 152 9.342 1136.78 0.20
19 Borneol GoH1g0 154 10.566 1167.31 0.66
20  Terpin-4-ol GoH1g0 154 10.934 1176.48 0.28
21  mCymen-8-ol GoH1,0 150 11.286 1185.26 0.66
22  a-Terpineol GoH10 154 11.646 1194.24 2.04
23 Nerol GoH1s0 154 14.958 1249.65 0.11
24 Thymol GoH10 150 18.093 1300.18 0.31
25  Verbanol acetate 18500, 196 20.644 1345.55 0.36
26  Cyperene GHo4 204 23.578 1397.72 0.94
27  Caryophyllene GH,, 204 24.168 1409.56 0.20
28  p-gurjunene GHos 204 24.692 1420.41 0.30
29  Aromandendrene 16H4 204 25.126 1429.39 2.33
30 allo-Aromandendrene 14 204 26.165 1450.89 0.77
31 Guaiene GHo4 204 27.573 1480.03 0.52
32  Viridiflorene GsHoa 204 27.713 1482.93 0.33
33 y-Cadinene GHoq 204 30.899 1561.13 1.45
34  Selina-3,7 (11)-diene 1654 204 31.178 1568.36 0.53
35  Spathulenol GH».0 220 31.538 1577.68 1.42
36  Caryophyllene oxide H»,.0 220 31.713 1582.21 1.10
37  Globulol GsH2e0 222 31.866 1586.17 6.95
38  Viridiflorol C1sH,60 222 32.084 1591.82 1.78
39 p-elemeno @H»,0 218 32.157 1593.71 0.86
40  Guaiol GsH,6O 222 32.317 1597.85 0.62
41  TransB-Elemenone GH,.0 218 32.390 1599.23 1.23
42  Cis-Isolongifolanone H,.0 220 32.513 1608.75 0.80
43  Trans- Isolongifolanone 1§H-,0 220 32.703 1623.47 0.36
44  y- Eudesmol GH»60 222 32.849 1634.78 0.22
45  o-Eudesmol GHL0 222 33.162 1659.02 1.12
Total identified 90.80

The identified constituents are listed in their @raf elution from column CP-SIL 8 CB; RT - retamti times; RI- retention indices

(experimental data). Repetitive assays showedsaltes 1% deviation.



43

3.3Recombinogenic activity &. globulusessential oil

The A757//UT448 diploid strain exhibited high mitoinstability in the presence of the
oil, and mitotic color segregants growing on the green diplcolonies could be isolated
(Figure 1b-c).Diploid segregants which had undergoing mitotic smg-over, aneuploids
generated by mitotic non-disjuction, and haploidgregants were recovered from the
A757//UT448 diploid strain after treatment whh globulusessential oil.

MSI values were not determined for aneuploid semmegdue to their great mitotic
instability. Unlike theAchillea millefoliumoil, which induced a significant increase in the
number of aneuploid segregantsAnnidulansdiploid cells (Sant’/Anna and others 2008), the
E. globulus oil employed in present work showed no aneugerttivity (Table 2).
Additionally, the haploid segregants, obtainedrafietreatment (0.062aL/mL, 0.125uL/mL
and 0.25:L/mL), showed parental phenotypes for their nuinél markers (results not shown),
and explained the MSI values of less than or egualO for haploid segregants (Table 2).

On the other hand, two of the three tested oil entrations (0.12%L/mL and 0.25
uL/mL) increased the number of diploid recombinamtisen compared to the control (Table 2).
Such recombinants, identified by the productiomeiv white or yellow mitotic sectors when
growing in CM + benomyl (Figure 1d), showed MSlwed which were higher than labd
significantly different from the respective contnadlues (Table 2). It should be emphasized
that the eucalyptol mass (116.18 mg) containedhéntotal volume oE. globulusoil (0.125
uL/mL) employed to obtain the oil's highest genotoxconcentration (0.25L/mL),
corresponded, approximately, to 1/14 of the eudalymass (1600 mg) contained in 1 Kg of
hard candy (Burdock 1995).

Diploid strains ofA. nidulans heterozygous for genes determining conidial golor
produce segregants expressing mutant colors, folpwmitotic crossing-over and

haploidization.
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Figure 2. Growth inhibition of A757// UT448 diploid straiafter treatment withe.
globulusessential oil at 0.2bL/mL and 0.5«L/mL concentrations. Points represent average +
SD of five experiments. (*) Statistical differendastween experiments performed with the two
oil concentrations (Analysis of Variance, Bonfeirpast test,P < 0.05).

The first process leads to the segregation (ih@mozygosis) of all genetic markers
distal to the position of exchange, and the second, caused by a failure of regular
chromosomes separation at mitosis, leads to th@ommassortment of whole chromosomes
without crossing-overNga and Roper 1969)n current work, diploid recombinants were
obtained by mitotic crossing-over, whereas the eiudrived from the haploidization process,
with a balanced haploid set, were the recoveredolthgegregants. The remaining nuclei,
showing high mitotic instability, were charactedzas aneuploid segregants.

Data in current research indicate that the esdeailiaof E. globulusmay act as a
mitotic recombination inducer. This activity may blee to the induction of chromosome
breaks by the oil, during the fungal growth, prangithe condition for chromosome break-

deletions or crossing-over to take plabe& and Roper 196Ziogas and Kalamarakis 2001;

Sant’Anna and others 2008
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Table 2. Genotoxicity oE. globulusoil in diploid cells ofAspergillus nidulans.

Oil contl:enlt_rlagions Number of colored segrauts per 100 treated colonies
L) Aneuploid Diploid Recombinants Haploid Segregants
Segregants NR MSI® NS MSI°
0 (Control) 20 83 1.0 47 1.0
0.0625 20 121 1.5 (121/83) 28 0.6 (28/47)
0.125 19 290 3.5* (290/83) 20 0.9 (40/47)
0.25 22 378 4.6* (378/83) 74 1.5 (71/47)

3Mean of two replications’number of recombinantsiMitotic Segregation Index®number of haploid segregants;
significantly different from control (Yates correct Chi squareP< 0.05).

In the two-step model for carcinogenesis, in whachh copies of a tumor-suppressor
gene have to be defective (Bishop and Schiestl ;26f@hma 2005), the recombinogenic
potential of the oil suggests that it may act asiraducer of the secondary hit (mitotic
recombination) which imparts the expression of demnor sporadic mutations (the first hit),
previously masked by the presence of the normalealWhereas present results point to the
need to assess the recombinogenic potential d& tigkobulusessential oil in mammalian cells,
they also suggest that the use of the oil as adiaingredient in foods must be done with

caution.

CONCLUSIONS

Eucalyptus globulus qil containing 1,8-cineol (eucalyptol)a-pinene, B-pinene,
globulol, a-eudesmol, spathuleno};cadinene, trang-elemenone and aromandendrene as its
major chemical compounds, was found to increaséh@)mitotic instability of the original
A757//UT448 diploid strain, (ii) the frequency aiptbid recombinants and (iii) MSI values for

diploid segregants, when used at 0.L2FmL and 0.25:«L/mL concentrations irA. nidulans
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diploid cells. Results suggest that the us&.oflobulusoil in food industry must be done with
caution. Further studies should be conducted tafgléhe recombinogenic activity oE.

globulusessential oil in mammalian cells.
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